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Specification 


(54) [Title of the Invention] 

Mullite needle-like crystals and mullite porous material 


(57) [Abstract] 

[Purpose] The purpose of the present invention is to produce 
mullite needle-like crystals and mullite porous material suitable 
for use as a reinforcement material. 

[Constitution] The first invention of the present application is 
a mullite needle-like crystal having a square cross section. The 
second invention of the present application is a mullite porous 
material containing mullite needle-like crystals having a square 
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cross section. 


[Claims of the invention] 

[Claim 1] A mullite needle-like 
crystal characterized by the fact that 
the crystal has a square cross- 
section . 

[Claim 2] A mullite porous material 
characterized by the fact that the 
material includes mullite needle-like crystals having a square 
cross- sect ion. 

[Detailed description of the invention] 

[0001] 

[Field of industrial application] The present invention pertains 
to mullite needle-like crystals and a mullite porous material. 
[0002] 

[Prior art] As a reinforcement material or modifier for plastics, 
metals, ceramics, refractory materials, etc., mullite needle-like 
crystals and mullite porous material can be used. Properties of 
base material such as strength, specific rigidity, and high- 



3 


HEI 5-58618 

temperature strength are improved or the properties of base 
material are changed upon addition of mullite needle-like 
crystals and mullite porous material- Furthermore, the mullite 
porous material can be used for applications such as a filter 
material, catalytic carrier, microbe carrier, and thermal 
insulating material. 

[0003] In the past, mullite bodies made of fiber known as 
mullite polycrystal fibers have been known. The cross-section of 
the above-mentioned fiber is circular in form. 
[0004] 

[Problems to be solved by the invention] When a 

mullite polycrystal fiber having a circular cross-section (or one 
that is almost circular in form) is used as a reinforcement 
material, the degree of improvement in properties of the base 
material is limited, in some cases, and when the amount included 
is insufficient, a significant degree of improvement cannot be 
obtained, in some cases. Furthermore, an improvement 

(modification) that is qualitatively different in effect from the 
improvement in properties of a base material modified with a 
mullite polycrystal fiber having a circular cross-section is 
desirable in some cases . 

[0005] The objective of the present invention is to produce a 
mullite needle-like crystal having improved reinforcement 
properties compared to those of the prior art when used as a 
reinforcement material, especially, one providing increased 
resistance to abrasion of metals. 
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[0006] 

[Means to solve the problem] In suminary, the first invention of 
the present application is a mullite needle-lilce crystal having a 
square cross section. 

[0007] In summary, the second invention of the present 
application is a mullite porous material containing mullite 
needle-li]ce crystals having a square cross-section. 
[0008] 

[Wor}c of the invention] The cross-section view of the crystal is 
square in shape; thus, an excellent effect can be achieved when 
used as a reinforcement material. Furthermore, when used as a 
reinforcement material, properties that are qualitatively 
different from those of mullite polycrystal fibers which have a 
circular cross-section can be achieved, in some cases. 
[0009] 

[Application Examples] In the following, the present invention 
is explained in further detail with application examples. Fig. 1 
is a drawing of the mullite needle-lilce crystals of the present 
invention as viewed under an electron microscope. The cross- 
sections of mullite needle-lilce crystals 10 are square- shaped, 
and crystals can be roughly classified into rectangular-shaped 
crystals and a lower proportion of crystals with trapezoidal- 
shaped cross-sections. Among the trapezoidal crystals, those 
having an exceptionally small size that loolc lilce trianglular 
crystals are included. In some cases, the shape of the cross- 
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section is not uniform within a single crystal 10. As for the 
size of the mullite needle-like crystals 10, for example, a 
length of S^-SO \xm, the longer side of the cross-section is 1-4 \im 
and the shorter side of the cross-section is O.S-'S pm. 
[0010] Application Example A 

In the following, the method used for production of the mullite 
needle-like crystals of the first invention of the present 
application is explained. Thus, it is a method where C or a 
material containing C is brought into contact with 100 parts by 
weight of a mixture comprising the starting raw material and 5-70 
wt% of AIF3 in such a manner that the amount of C added forms a 
ratio of 5-50 parts by weight and baking is done in the 
production of mullite needle-like crystals in a method consisting 
of adding AIF3 homogeneously to a starting raw material that 
includes an Si02 source and an AIF3 source. 

[0011] In the above-mentioned method, AIF3 promotes the 
reaction that forms mullite from the Si02 source and AIF3 source 
at a relatively low baking temperature, but when C (carbon) is 
included in the above-mentioned reaction, crystal formation can 
be achieved at lower temperatures, and even when non-reacting 
materials are left behind, mullite needle-like crystals with a 
square cross-section that can be easily dispersed are produced. 
However, the details of the above reaction are not well 
understood. 

[0012] In the above-mentioned reaction, the starting raw 
material homogeneously containing an Si02 source and AI2O3 source, 
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a mixture produced by uniformly mixing materials containing an 
Si02 source and AI2O3 source separately, a material containing an 
Si02 and AI2O3, or a mixture thereof can be mentioned. 
[0013] In addition to the above-mentioned Si02 source and AI2O3 
source, materials capable of stably coexisting with the target 
mullite needle-like crystals with the square-shaped cross- 
section, for example, Zr02 (zirconia) SiC (silicon carbide), etc. 
also can be included in the starting raw material. 
[0014] In general, the ratio of the AI2O3 and Si02 included in 
the synthesized mullite needle-like crystals is 72/28 in terms of 
the weight ratio. 

[0015] However, the weight ratio of the starting raw material 
AI2O3 and Si02 is not limited to 72/28 in the above-mentioned 
method. In either case, an aggregate containing a mullite 
needle-like crystals and having excellent dispersibility can be 
produced when a specific amount of AIF3 is included. 

[0016] In other words, when the amount of the AI2O3 starting 
raw material included is 72 wt% or less, Si02 is included in the 
aggregate of mullite needle-like crystals with square-shaped 
cross-sections in the form of cristobalite, tridymite, or glass, 
but the aggregate can be easily dispersed when a slight force is 
applied. 

[0017] In the same manner, when the amount of the AI2O3 
included exceeds 72 wt%, AI2O3 is mixed in the mullite needle- 
like crystals with square-shaped cross-sections in the form of 
corundum, but the aggregate can be easily dispersed when a slight 
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force is applied. 

[0018] The above-mentioned foreign matter included in the 
aggregate of the mullite needle-like crystals with square-shaped 
cross-sections can be dispersed by appropriate methods and can be 
easily separated by appropriate methods, 

[0019] It is further desirable when washing of mullite needle- 
like crystals with rectangular cross-sections is done, as needed, 
in a hydrofluoric acid solution to further increase the purity. 
[0020] The compound used for the AI2O3 source is not 
especially limited as long as a compound capable of forming AI2O3 
at the time of baking is used. 

[0021] For example, salts such as Al (NO3) 3-9H20 and AICI3, 
alkoxides such as Al(OCH3H7)3r boehmite, alumina gel, and y- 
alimina can be used. 

[0022] The compound used for the Si02 source is not especially 
limited, as long as a compound capable of forming Si02 at the 
time of baking is used. 

[0023] For example, alkoxides such as Si{OCH3)4/ and 
Silver {OC2H5) 4, orthosilicic acid compound, silica gel, silica 
sol, fumed silica, etc. can be used. 

[0024] When separate sources are used for the Si02 and the 
AI2O3, it is important to mix these materials as uniformly as 
possible. When the above-mentioned two raw materials are sols, 
mixing is performed in the form of sols and converted to a gel 
using conventional methods. 


8 


HEI 5-58618 

[0025] As a material that can act as an Si02 source and an 
AI2O3 source at the same time, alumina-silica clay minerals such 
as silica-alumina gel, kaolinite, halosite and decite, clays 
containing the above-mentioned clay minerals, for example, ball 
clay, china clay, filler clay, flint clay, soft clay, shale clay, 
wood clay, "frog-eye" clay, hydrothermal clay, etc. can be 
mentioned. In some cases, a clay containing a relatively high 
proportion of metal oxides other than Si02 and AI2O3 such as 
bentonite can be used, as well. 

[002 6] Furthermore, for C, or a substance containing C, in 
other words, for the C source, C itself, for example, carbon 
blaclc and pyrolytic graphite, hydrocarbons such as pitch, phenol 
resins, furan resins, and urea resins, compounds that form C upon 
thermal decomposition such as starches, chaffs, and wood, and 
compounds capable of forming CO gas or CO2 gas upon heating as 
well as CO gas, CO2 gas, and urea can be used. 

[0027] In general, the above-mentioned C source is used in the 
form of a mixture with other raw materials. In this case, the 
particle size of the above-mentioned C source is selected from a 
wide range of particle sizes, for example, fine particles such as 
carbon blaclc to large particles with a diameter of approximately 
5 mm. The small particles react with the oxygen inside the 
reactor and produce a uniform contact with the starting raw 
material in the form of CO gas or CO2 gas. 

[0028] As described above, it is desirable when an appropriate 
amount of oxygen coexists with the C source from the standpoint 
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of acceleration of the reaction. When the reactor is a closed 
system, in general, air remains in the container with the raw 
material at the time of supplying the raw material to the 
reactor. It is not necessary to remove oxygen in the amount 
included in the air from the container. However, the reaction 
does not necessarily fail to progress only because oxygen is not 
included at all. When oxygen is not included, the yield or the 
length of the mullite needle-like crystals with a rectangular 
cross-section is slightly lower compared to the case where an 
appropriate amount of oxygen is present. 

[0029] In the case of compounds where the C source is in a 
gaseous phase or is capable of being converted to a gaseous phase 
at a high temperature, a method other than mixing with other raw 
materials can be applied. For example, the above-mentioned 
compound located in a place other than in the sealed container, 
and the gas generated as a result of the thermal decomposition of 
the above-mentioned compound is used introduced to the container 
and brought into uniform contact with other raw materials and the 
reaction is carried out. 

[0030] In the following, appropriate amounts of additives such 
as AIF3 and C used for the starting raw material are explained. 

[0031] The appropriate amount of the above-mentioned additives 
is determined according to the weight ratio with the starting raw 
material. The weight of the starting raw material used for 
calculation of the additives is the weight without volatile 
components such as flammable materials, adsorbed water, and water 
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of crystallization adsorbed on the starting raw material. 
[0032] When the amount of AIF3 included in the mixture 
comprising AIF3 and the starting raw material is 5 wt% or less, 
development of mullite needle-like crystals is not adequate, and 
the dispersibility of the reaction product is not adequate; on 
the other hand, when the above-mentioned amount used exceeds 7 0 
wt%, good crystal growth and dispersibility can be achieved, but 
the proportion of fluorine gas generated is high and the effect 
on the working environment is not desirable. 

[0033] When the amount of C added to 100 parts by weight of 
the mixture of AIF3 and starting raw material is less than 5 
parts by weight, a mullite needle-like crystals cannot be 
produced unless the amount of AIF3 used is increased, and even 
when production is possible with a high proportion of AIF3, the 
dispersibility of the reaction product is poor; furthermore, when 
the amount used exceeds 50 parts by weight, the volume of the 
sealed container occupied by the C is increased and the ratio of 
the other raw material is reduced, and as a result, productivity 
is reduced. 

[0034] In this case, the amount of C in the material that 
includes C is determined by the amount of C component. 
[0035] Test Examples A1-A27 

In the following, test examples A1-A27 of application example A 
of the present invention are explained in further detail. 
Homogeneous mixing of the starting raw materials containing the 
Si02 and AI2O3 sources was done at various ratios, and the AIF3 
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and C sources were added at the various mixing ratios shown in 
Tables I and II below. Each of the above mixtures was placed in 
a covered crucible made of alumina, and heated for 2 hours in an 
electric furnace at temperatures of 1200oC, 1300^0, or 1400°C, and 
the cover of the crucible was subsequently removed and natural 
cooling was done in the furnace to produce the various reaction 
products . 

[003 6] Properties of each reaction product, namely, 
dispersibility , formation state, type of mineral produced based 
on X-ray examination [X-ray exam] , are shown in Tables I and II 
below. 
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In this case, for the starting raw materials, kaolin powder, 
carbon black or C were used, and a reagent powder was used for 
AIF3. Furthermore, the assay of the kaolin powder is as shown in 
Table III. 
[0039] 

Table III 


Component 

Wt% 

SiOa 

41.6 

AI2O3 

42.0 

Fe203 

0.34 

CaO 

0.80 

MgO 

0.44 

K2O 

0.56 

NazO 

0.47 

Ig. loss 

11.7 


In Tables I and II, the mixing ratio of AIF3 is shown in terms of 
wt% of the AIF3 included for 100 wt% of the mixture of kaolin and 
AIF3 with the exception of ignition loss (Ig. loss) for kaolin, 
and the mixing ratio of C is the parts by weight of the ratio for 
100 parts by weight of the mixture of kaolin and AIF3 . 
[0040] Furthermore, properties of the reaction product, 
dispersibili ty , and formation state are shown below. The codes 
used for evaluation, O [circle] , A [triangle], and x correspond 
to the evaluations in Table IV, and codes that show the type of 
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the reaction product minerals based on the X-ray test correspond 

to codes, M, C, Q, G and A shown in Table V. 

[0041] 

[Table IV] 


Code 

Dispersibility 

Formation state of mullit 
needle-lilce crystals (ratio) 

O [circle] 

Dispersing made easy by 
hand 

Aclcular crystal > granule 

^ [triangle] 

Dispersing made easy by 
machine 

Acicular crystal = granule 

X 

Solid, dispersing not possible 

Aclcular crystal < granule 


[0042] 

[Table V] 


Code 

Name of reaction product 
mineral 

M 

mullite (mullite) 

C 

cristobalite (cristobalite) 

Q 

quartz (quartz) 

G 

glass (glass) 

A 

corundum (corundum) 


Furthermore, a sample without AIF3 and C is shown as Comparative 
example Al, samples without AIF3 alone are shown as Comparative 
Examples A2~A7, and samples without C alone are shown as 
Comparative Examples A8-A11 in Tables I and II, and properties of 
each reaction product are also listed. 
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[0043] As shown in Tables I and II, in the case of Comparative 
Examples A8-A11 where AIF3 alone is included, formation of 
mullite needle-like crystals is not observed at all when the 
addition ratio is 10 wt% or below, and formation of mullite 
needle-like crystals is observed only when the addition ratio 
exceeds 2 00 wt% at a baking temperature above 13 00°C, but 
dispersibility of the reaction product is very poor. 

[0044] Furthermore, in the case of Comparative Examples A2-A7 
where C alone is included, when the addition ratio exceeds 40 
parts by weight and the baking temperature is below 12 00°C, 
formation of the mullite needle-like crystals can be observed, 
but the amount produced is very small. 

[0045] In the case of Comparative Example A [sic] where 
neither AIF3 or C is included, formation of mullite needle-like 
crystals is not observed at all at temperatures in the range of 
1200'-1400oC . As shown by the results obtained above, when AIF3 
and C are not included in the starting raw material, or AIF3 or C 
is added separately [sic] , formation of mullite needle-like 
crystals is hardly observed, and even when production is 
observed, the dispersibility is not adequate. 

[0046] On the other hand, in the case of Test Examples Al"-A27 
where the amount of AIF3 for kaolin is in the range of 5-70 wt%, 
and the amount of C is in the range of 5-50 parts by weight for 
100 wt% of the mixture comprising kaolin and AIF3, mullite 
needle-like crystals with a square-shaped cross-section can be 
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produced in all cases, and excellent dispersibili ty was achieved; 
furthermore, mullite needle-like crystals with a rectangular 
cross-section having a length/ thickness ratio of approximately 
10-'20 were observed in all of these reaction products. 
[0047] Especially, in the case of Test Examples A13-A27, a 
high proportion of mullite needle-like crystals was produced even 
at a relatively low baking temperature of 12 0 0<^C, and excellent 
dispersibility where dispersing was achieved upon application of 
only a slight pressure for most of the reaction product, and for 
the portion where dispersing was not possible under a slight 
pressure, dispersing was easily achieved when a rotating impeller 
etc. was used under water. 

[0048] Granules that appeared to be based on the Si02 source 
such as cristobalite, quartz, and glass were observed in many 
reaction products. Fig. 2 shows an electron microscope 
photograph of the above-mentioned reaction product, and a well- 
dispersed state of the mullite needle- like crystals and granules 
is shown therein. Furthermore, Fig. 1 is a drawing based on an 
electron microscope photograph. 

[0049] When the above-mentioned granules are dispersed in a 
liquid medium such as water, separation from the mullite needle- 
like crystals can be achieved easily since the rates of 
sedimentation are different. In this case, as long as even a 
small amount of mullite needle-like crystals exists, those 
indicated by a triangle and circle are within the range of the 
present invention, but the amount of the mullite needle-like 
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crystals produced is insignificant, and unique properties were 
difficult to observed; thus, those cases are shown as Comparative 
Examples from the standpoint of convenience. 

[0050] Application Example B 

In the following, Application Example B based on the second 
invention of the present application is explained. Application 
example B is a mullite porous material containing mullite needle- 
like crystals with a square-shaped cross-section. The above- 
mentioned mullite porous material mainly comprises a mixture of 
many mullite needle- like crystals (with square-shaped cross- 
sections) and has a light weight and low ventilation resistance. 
[0051] A method of producing the above-mentioned mullite 
porous material is explained below. In the present invention, 
clay means a variety of different types of clay minerals mainly 
comprising AI2O3 and Si02. 

[0052] The above-mentioned clay minerals undergo a chemical 
reaction upon baking, and produce mullite (3AI2O3 2Si02) . In 
general, the above-mentioned clay minerals have associated water 
of crystallization. When calcination is performed at an 
appropriate temperature, the material undergoes dehydration and 
becomes an anhydride. 

[0053] As a rule, the mixing ratio in the present invention is 
calculated assuming that water of crystallization is included, 
but needless to say, it applies to the anhydride as well. When 
an anhydride is used, the mixing ratio is determined by 
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estimating the case where water of crystallization is removed 
from the clay containing water of crystallization. 

[0054] In general, when clay containing water of 
crystallization is used, the yield of mullite needle-like 
crystals is greater than is the case when an anhydride is used. 
Furthermore, when clay containing water of crystallization is 
used, the length of the crystal is likely to increase compared to 
the case when a clay without water of crystallization is used. 

[0055] Furthermore, based on the yield of mullite needle-like 
crystals, among the various types of clay minerals, kaolinite is 
especially desirable. 

[0056] For different types of clay minerals that can be used 
in the present invention, halosite, decite, ball clay, china 
clay, filler clay, flint clay, soft clay, shale clay, wood clay, 
"frog-eye" clay, hydrothermal clay, etc. can be mentioned. In 
some cases, clay containing a relatively high proportion of metal 
oxides other than Si02 and AI2O3 such as bentonite can be used as 
well . 

[0057] In this case, it is not necessary to pulverize the clay 
at the time of use since the crystals of the clay are very fine. 
[0058] Carbon means substances represented by the chemical 
symbol C and substances capable of easily forming C. For the 
above-mentioned carbons, for example, carbon black, vitreous 
carbon, activated carbon, natural graphite, synthetic graphite, 
carbon fiber, pyrolytic carbon, and impermeable carbon can be 
mentioned for the former, and synthetic resins such as phenolic 
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resins, furan resins, and acrylic resins can be mentioned for the 
latter . 

[0059] Among the carbons listed above, graphite is an 
especially desirable substance. When a graphite is used, an 
obvious development of the mullite needle-like crystals can be 
observed, and the yield of the mullite needle-like crystals is 
high. In general, the carbon is used in the form of a powder. 
From the standpoint of reactivity, it is desirable when the size 
of the power particles is small, but from the standpoint of 
molding properties, a powder with particles that are too small is 
not desirable. In general, a powder having a particle diameter 
in the range of O.S'-SO ]im is used. Carbon promotes formation and 
development of mullite needle-like crystals and disperses excess 
Si02 and reduces and finally vaporizes and evaporates that 
substance . 

[0060] As explained above, [the above substance] exists in the 
molded item in the form of a fine block structure consisting of 
excess Si02 or a vitreous body mainly comprising Si02 formed 
during the course of the baking process. 

[0061] Therefore, as a result of the carbon, the voids of the 
mullite needle-like crystal body produced are not filled with 
Si02 or a material mainly comprising Si02 at high density. And 
many uniform through holes are produced. And appropriate voids 
formed in the baked body become passages used for evaporation of 
the above-mentioned Si02 component at the final baking stage. 
[0062] AIF3 becomes a supply source, along with the clay, of 
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the AI2O3 component required for production of mullite porous 
material, and at the same time, reduces the mullite porous 
material formation temperature. 

[0063] The material is pulverized as finely as possible at the 
time of use. 

[0064] As explained above, the specified raw materials are 
mixed at the specified mixing ratio to produce a mixture, molding 
is performed for the mixture, and ba]cing is further carried out 
for the rectangular cross-section produced in the present 
invention. In this case, it is desirable when the above- 
mentioned ba]cing is done in a container with an adequate seal. 
In this case, a container with an adequate seal means a sealed 
container in which Si02 component evaporated as a result of 
reduction with carbon at the time of balcing and can be removed 
from the container . 

[0065] The atmosphere inside the container at the time of 
balding is not especially limited. For example, a non-oxidizing 
atmosphere can be used, or a small amount of oxygen can be 
included. In the case when an oxygen is included, a part of the 
carbon inside the container is oxidized and removed, but a 
portion of the carbon remaining in the container at least until 
the end of the balcing process can be tolerated. In specific 
terms, when a crucible with a lid is used, the state of the 
above-mentioned container can be easily achieve when the lid is 
put in place or the lid is slightly opened. 

[0066] After baking, a molded item comprising a mix of mullite 
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needle-like crystals , amorphous mullite body, vitreous body, and 
carbon dispersed in the voids of the above-mentioned mullite 
needle-like crystals, carbon, etc. is left in the container. 
[0067] Heating is performed for the above-mentioned molded 
item in air or an oxygen-containing atmosphere and removal of the 
residual carbon is achieved by means of oxidation. The porous 
body is mainly a structure comprising mixture mullite needle-like 
crystals and a small amount of an amorphous mullite body or 
vitreous body existing among the crystals, and a further 
treatment can be carried out with a hydrofluoric acid solution 
and the purity of the mullite can be increased. 

[0068] The heat treatment temperature used is a temperature 
capable of oxidizing and removing the residual carbon and is not 
especially limited. In general, a temperature of approximately 
800°C is used. In specific terms, for example, the lid is 
removed from the container used for baking as the specified 
temperature is retained, and the container is left open. 

[0069] Molding is performed by a conventional method. For 
example, a small amount of water or organic solvent, or a 
solution containing a further binder is added to the raw material 
mixture, and molding is done by means of press molding of 
extrusion molding. When a binder is used, a binder that does not 
interfere with formation of the mullite needle-like crystals is 
used. For examples of the above-mentioned binder, many different 
types of organic synthetic resins, natural adhesives, colloidal 
silica, colloidal alumina, colloidal zirconia, etc. can be 
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mentioned . 

[0070] The reason the mixing ratio of the AIF3 is in the range 
of 5--50% in the material containing AIF3 and clay used in the 
present invention is because formation of the mullite from clay 
cannot be achieved at the temperature used and an adequate 
acicular ratio for the material cannot be achieved when less than 
5% of the above-mentioned component is used. 

[0071] Furthermore, when the mixing ratio of the AIF3 exceeds 
50%, molding is difficult. 

[0072] The reason that 5-100 parts of carbon is added for 100 
parts of the sum of AIF3 and clay is that when less than 5 parts 
is used, dispersing of an amorphous vitreous body or mullite body 
in the voids of the mullite porous material cannot be achieved, 
and the acicular ratio of the mullite cannot be promoted. 

[0073] On the other hand, molding is not possible when an 
amount that exceeds 100 parts is used. 

[0074] It is desirable when a baJcing temperature in the range 
of 1000--1700°C is used. When the temperature is below 1000°C, 
formation of mullite needle-lilce crystals is less lilcely to be 
achieved. On the other hand, when the temperature exceeds 
leOO^C, in addition to mullite needle-lilce crystals, formation of 
p-SiC is observed; furthermore, a portion of the mullite needle- 
li]<:e crystals produced become fused and the hulk, specific gravity 
is lilcely to increase. Especially, when a temperature above 

1700^0 is used, decomposition of the mullite needle-liJce crystals 
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is increased; thus, it is not desirable. 

[0075] It is especially desirable when the baking temperature 
is in the range of 1200--1500oC . A significantly high growth of 
the mullite needle-like crystals is observed in the above- 
mentioned temperature range and the yield is high as well. 
[007 6] Test Example B 

In order to further explained the present invention in specific 
terms, test examples are used. 

[0077] Mixing was performed for a kaolin powder imported from 
New Zealand, AIF3 powder, and graphite powder at various mixing 
ratios. For the above-mentioned mixtures produced, a 3% solution 
of polyvinyl alcohol was added and thorough mixing was performed 
and press molding was done under a pressure of 200 Kg/cm^ to 
produce a sheet-like material with a thickness of 5 mm. 
[0078] In the production, the mixing ratio of AIF3 included in 
the mixture comprising kaolin and AIF3 was changed to 5%, 10%, 
30%, and 50% for 100 parts of the above-mentioned mixture 
comprising kaolin and AIF3, 5 parts, 10 parts, 3 0 parts, 50 parts 
and 100 parts each of graphite powder were mixed. 
[0079] Each molded item was arranged inside an alumina 
crucible with a cover, and baking was done in an electric furnace 
at three different temperatures: 1300^0, 1400^0 and 1500<^C, for 2 
hours. Subsequently, the cover of the crucible was removed, 
heating was performed at a temperature of 800°C for 2 hours, an 
oxidation treatment was performed for the residual graphite and 
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production of mullite porous body was achieved. 

[0080] Meanwhile, for Comparative Examples, the mixing ratio 
of the AIF3 for the mixture comprising kaolin and AIF3 was 
changed to 0%, 3%, 10%, 30%, and 50% and the mixing ratio of the 
graphite powder was changed to 0 parts, 3 parts, 5 parts, 10 
parts, 30 parts, and 100 parts for 100 parts of the mixture 
comprising kaolin and AIF3, and molding was performed as in the 
case of the Test Examples above and baking was done at each of 
the above-mentioned temperatures . 

[0081] For the mullite porous bodies produced above, 
measurement was performed for the yield of the mullite needle- 
like crystals, porosity %, bulk specific gravity, and yield %. 
The measured results, along with the mixing ratio of the raw 
materials, are .shown in Table VI-Table XII below. 


[0082] Table VI 



AIF3 

C 

1300«C 


wt% 

wt. ratio 

Yield of 
acicular 
crystal 

Bulk Sp. 
Gravity 

Porosity % 

Contracti 
on factor 

% 

Comp Ex B1 

0 

0 

X 

2.12 

21 

20.6 

Comp Ex B2 

0 

3 

X 

2.00 

25 

17.0 

Comp Ex B3 

0 

5 

X 

1.92 

29 

15.0 

Comp Ex 84 

0 

10 

X 

1.74 

36 

10.8 

Comp Ex 85 

0 

30 


1.26 

52 

7.8 

Comp Ex 86 

0 

50 

A 

1.19 

55 

9.3 


27 


HEI 5-58618 


Comp Ex B7 

0 

100 

A 

0.94 

63 

2.2 

Comp Ex B8 

3 

0 

X 

1.76 

43 

7.6 

Comp Ex B9 

3 

3 

X 

1.66 

44 

6.6 

Comp Ex 810 

3 

5 

X 

1.61 

45 

6.0 

Comp Ex B11 

3 

10 

X 

1.49 

48 

5.0 

Comp Ex B12 

3 

30 

X 

1.22 

54 

3.8 

Comp Ex B13 

3 

50 

X 

1.16 

56 

4.3 

Comp Ex B14 

3 

100 

X 

0.99 

60 

1.6 

Comp Ex B15 

5 

0 

X 

1.50 

48 

4.0 

Comp Ex B16 

5 

3 

o 

1.44 

49 

3.9 

Test Ex 81 

5 

5 

® 

1.40 

50 

3.8 

Test Ex 82 

5 

10 


1.35 

51 

3.5 

Test Ex 83 

5 

30 


1.18 

56 

3.5 

Test Ex 84 

5 

50 


1.15 

58 

3.6 

Test Ex 85 

5 

100 

© 

1.00 

62 

1.0 
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[0083] Table VII 


AIF3 c 

wt% wt. ratio 

ISOO-'C 

Yield of 

fmicular 

crystals 

Bulk Sp. 
Gravity 

Porosity % 

Contractio 
n factor % 

Comn Ey R17 

10 

0 


1.20 

55 

2.2 

f^nmn Py Rift 

10 

3 

0 

1.19 

55 

2.2 

1 col CA DD 

10 

5 

© 

1.18 

56 

2.2 

Test Ex B7 

10 

10 

(D 

1.16 

56 

2.2 

Test Ex B8 

10 

30 

® 

1.10 

59 

2.0 

Test Ex B9 

10 

50 

® 

1.10 

59 

1.8 

Test Ex B10 

10 

100 

® 

1.01 

61 

0 

f^r\mr\ Pv R1Q 
V^Omp CX D 19 

'10 

n 

0 

0.90 

67 

6.7 


'^O 

0 

0 

0.84 

68 

4.2 

TAct Pv R11 
1 eSl CX DM 

'^O 

c 

© 

0.81 

70 

2.6 

Test Ex B12 

30 

10 


0.75 

72 

0.6 

Test Ex B13 

30 

30 

© 

0.67 

78 

-1.8 

Test Ex B14 

30 

50 

© 

0.80 

72 

-2.0 

Test Ex B15 

30 

100 

© 

0.84 

68 

-3.0 

Comp Ex B21 

50 

0 

0 

0.65 

84 

0 

Comp Ex B22 

50 

3 

0 

0.63 

86 

-1.0 

Test Ex B16 

50 

5 

© 

0.61 

87 

-1.5 

Test Ex B17 

50 

10 

© 

0.60 

88 

-1.9 

Test Ex B18 

50 

30 

© 

0.59 

91 

-2.5 

Test Ex B19 

50 

50 

© 

0.60 

89 

-2.7 

Test Ex B20 

50 

100 

© 

0.63 

85 

-3.5 


[0084] Table VIII 


AIF3 

C 

1400°C 

wt% 

wt. ratio 

Yi Id f 

1 BulkSp. 1 Porosity % | Contracti 
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acicular 
crystals 

Gravity 


on factor 

% 

Comp Ex B23 

0 

0 

X 

2.55 

2 

22.1 

Comp Ex B24 

0 

3 

X 

2.30 

13 

19.0 

Comp Ex B25 

0 

5 

X 

2.12 

19 

17.0 

Comp Ex 826 

0 

10 

X 

1.77 

30 

12.8 

Comp Ex 827 

0 

30 

A 

1.35 

48 

7.8 

Comp Ex 828 

0 

50 

o 

1.29 

50 

6.4 

Comp Ex 829 

0 

100 

o 

1.15 

54 

0.6 

Comp Ex 830 

3 

0 

X 

1.90 

38 

16 5 

Comp Ex 831 

3 

3 

X 

1.78 

41 

13.9 

Comp Ex 832 

3 

5 

X 

1.66 

42 

12.5 

Comp Ex 833 

3 

10 

A 

1.49 

45 

9.7 

Comp Ex 834 

3 

30 

o 

1.28 

52 

6.4 

Comp Ex 835 

3 

50 

O 

1.23 

54 

5.0 

Comp Ex 836 

3 

100 

O 

1.10 

59 

0.4 

Comp Ex 837 

5 

0 


1.68 

41 

13 Q 

Comp Ex 838 

5 

3 

O 

1.53 

44 

11.5 

Test Ex 821 

5 

5 


1.47 

45 

10.0 

Test Ex 822 

5 

10 

® 

1.36 

48 

8.3 

Test Ex 823 

5 

30 

® 

1.23 

54 

5.6 

Test Ex 824 

5 

50 

m 

1.18 

56 

4.3 

Test Ex 825 

5 

100 


1.07 

59 

0.3 
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[0085] Table IX 


AIF3 c 

wt% wt. ratio 

1400<'C 

Yield of 
acicular 
crystals 

Bulk Sp. 
Gravity 

Porosity % 

Contract! 
on factor 

% 

Comp Ex B39 

10 

0 


1.46 

47 

10.2 

Comp Ex B40 

10 

3 

0 

1.38 

49 

8.7 

Test Ex B26 

10 

5 


1.34 

50 

8.0 

Test Ex 827 

10 

10 


1.24 

53 

6.6 

Test Ex B28 

10 

30 


1.10 

59 

3.9 

Test Ex B29 

10 

50 


1.09 

59 

2.5 

Test Ex B30 

10 

100 

® 

1.00 

62 

0.1 

Comp Ex B41 

30 

0 

0 

1.02 

62 

4.0 

Comp Ex B42 

30 

3 

0 

0.94 

64 

3.2 

Test Ex Bdl 

30 

5 


0.90 

66 

2.5 

Test Ex B32 

30 

10 


0.82 

69 

1.2 

Test Ex B33 

30 

30 


0.73 

74 

-1.8 

Test Ex B34 

30 

50 



70 

-3.0 

Test Ex B35 

30 

100 


0.80 

71 

-1.0 

Comp Ex B43 

50 

0 

0 

0.70 

80 

0 

Comp Ex B44 

50 

3 

0 

0.67 

81 

-0.7 

Test Ex 636 

50 

5 


0.66 

82 

-1,4 

Test Ex B37 

50 

10 


0.64 

84 

-2.3 

Test Ex B38 

50 

30 

m 

0.63 

86 

-3.2 

Test Ex B39 

50 

50 

© 

0.66 

83 

-3.8 

Test Ex B40 

50 

100 


0.66 

82 

-2.5 
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[0086] Table X 


AIF3 c 

wt% wt. ratio 

1300^C 

Yield of 
acicular 
crysiais 

Bulk Sp. 
Gravity 

Porosity % 

Contract! 
on factor 

/o 

Comp Ex B45 

0 

0 


2.53 

4 

30.0 

Comp Ex B46 

0 

3 


2.25 

12 

26.4 

Comp Ex B47 

0 

5 


2.10 

21 

23.8 

Comp Ex 848 

0 

10 


1,77 

33 

19.0 

Comp Ex B49 

0 

30 


1.38 

47 

11.5 

Comp Ex B50 

0 

50 


1.34 

48 

8.8 

Comp Ex B51 

0 

100 

0 

1.11 

56 

1.3 

Comp Ex B52 

3 

0 

A 

2.50 

6 

29.0 

Comp Ex B53 

3 

3 

A 
LX 

2.13 

20 

24.4 

Comp Ex B54 

3 

5 

A 

1.98 

26 

22.0 

Comp Ex B55 

3 

10 

A 

1.60 

38 

17.0 

Comp Ex B56 

3 

30 


1.31 

51 

9.6 

Comp Ex B57 

3 

50 


1 OR. 

0 1 

f ■ f 

Comp Ex B58 

3 

100 

0 

1.19 

58 

1.0 

Comp Ex B59 

5 

0 

A 

2.47 

8 

28.0 

Comp Ex B60 

5 

3 


2.00 

25 

24.0 

Test Ex B41 

5 

5 


1.80 

30 

21.1 

Test Ex B42 

5 

10 


1.49 

41 

15.7 

Test Ex B43 

5 

30 


1.26 

54 

8.4 

Test Ex 844 

5 

50 


1.23 

53 

5.5 

Test Ex 845 

6 

100 


1.07 

59 

-0.3 
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[0087] Table XI 


AIF3 c 
wt% wt. ratio 

1500^0 

Yield of 
acicular 
crystals 

8ulkSp. 
Gravity 

Porosity % 

Contract! 
on factor 

% 

wonip CA Do 1 

1 u 

n 
u 

A 

2.39 

11 

29.5 


lU 

q 
J 


1.65 

36 

22.6 

1 eSl CX D4D 

in 

c 
O 


1.50 

45 

20.0 

1 CSI CA OHi 

in 

in 


1.25 

53 

14.0 

Test Ex B48 

10 

30 


1.10 

59 

5.3 


10 



1.10 

58 

2.7 

1 col IvA U^V/ 

10 

100 


1.02 

61 

0.2 

wonnp tx Doo 

on 

U 

0 

1.00 

63 

4.3 

1,/omp cx oOH 

on 

0 

0 

0.91 

66 

3.0 

1 esi cx DDI 

on 

c 
0 


0.87 

68 

2.1 

Test Ex B52 

30 

10 


0.82 

71 

0.7 

Test Ex B53 

30 

30 


0.79 

75 

-1.8 

Test Ex 854 

30 

50 


0.80 

72 

-2.0 

Test Ex 855 

30 

100 

© 

0.79 

71 

-0.5 

Comp Ex 865 

50 

0 

0 

0.72 

81 

0.5 

Comp Ex 866 

50 

3 

0 

0.66 

82 

0 

Test Ex 856 

50 

5 

© 

0.65 

83 

0 

Test Ex 857 

50 

10 

© 

0.63 

85 

-0.1 

Test Ex 858 

50 

30 

© 

0.59 

89 

-2.2 

Test Ex 859 

50 

50 

© 

0.61 

86 

-2.8 

Test Ex 860 

50 

100 

© 

0.67 

82 

-1.4 
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[0088] 

Table XII 



Rolf inn 

Temp. °C 

Yield of 
Acicular 
crystals 

Bulk Sn 
Gravity 

rUiUoiiy /o 

v^omraciion 
factor % 

Comp Ex B67 

900 

X 

0.94 

63 

-1.1 

Test Ex B61 

1000 

@ 

0.85 

67 

-2.2 

Test Ex B62 

1100 


0.81 

70 

•2.4 

Test Ex B63 

1200 


0.79 

70 

-2.0 

Test Ex B64 

1300 


0.80 

72 

-2.0 

Test Ex B65 

1400 


0.79 

70 

-3.0 

Test Ex B66 

1500 

© 

0.80 

72 

-2.0 

Test Ex B67 

1600 


0.82 

70 

-2.0 

Test Ex B68 

1700 

@ 

0.87 

66 

-1.1 


Translators notes: Comp Ex = Comparative Example 


Tables VI and VII, Tables VIII and IX, and Tables X and XI, 
correspond to baking temperatures of 13 00^0, 1400<^C, and ISOO^C, 
respectively. Furthermore, the assay values of the kaolin powder 
imported from New Zealand used for the test are shown in Table 
XIII. 
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[0089] Table XIII 


Component 

Wt% 

Si02 

49.3 

AI2O3 

36.0 

Fe203 

0.22 

Ti02 

0.06 

CaO 

0.02 

MgO 

0.03 

K2O 

0.01 


0.07 

Ig. loss 

14.1 


In each Table, the shrinkage factor % is the ratio of the 
difference in size before versus after baking compared to the 
size before baking. A positive nuinber represents shrinkage as a 
result of baking, and a negative number represents expansion as a 
result of baking. 

[0090] The results of the yield of the mullite needle-like 
crystals observed is graded in four categories and are indicated 
by X, A [triangle] , O [circle] , and @ [double circle] . The 
yield of the mullite needle-like crystals increases in the order 
of A [triangle] < O [circle] < © [double circle] < and x, which 
represents the case where formation of mullite porous material is 
not observed at all. 

[0091] [Triangle] A and [circle] O represent groups where 

formation of mullite porous materials are observed, but the ratio 
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is low and is outside the range of the present invention, and 
double circle represents the group where a high yield of mullite 
needle-like crystals is achieved, and is inside the range of the 
present invention . 

[0092] In Comparative Examples Bl~16, 17, 18, 19, 20, 21, 22, 
23-38, 39, 40, 41, 42, 43, 44, 45-60, 61, 62, 63, 64, 65, and 66 
of Tables VI-Table XII, the mixing ratio of AIF3 is in the range 
of 0-3% or the mixing ratio of graphite is in the range of 0-3 
parts in all cases, and either mullite needle-like crystals are 
not produced at all, or when produced, the yield is not adequate. 

Furthermore, the porosity is low and the shrinkage factor is 
high in all cases for the Comparative Examples. 

[0093] In this case, those indicated by a A [triangle] and O 
[circle] are within the range of the present invention, but as 
explained above, the amount of mullite needle-like crystals 
produced is insignificant, and unique properties were difficult 
to observe; thus, those cases are shown as Comparative Examples 
from the standpoint of convenience; on the other hand, the mixing 
ratio ,of AIF3 is in the range of 5-50% and the mixing ratio of 
the graphite is in the range of 5-100 parts in all cases for the 

Application Examples, and as shown by the @ [double circles] , 
the acicular ratio is very good, and the yield of the mullite 
needle-like crystals is sufficiently high. At the same time, the 
porosity is sufficiently high in most cases, and the shrinkage 
factor is low. Furthermore, the length of the mullite needle- 
like crystals is relatively high when the above-mentioned 
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condition is used. 

[0094] In the following, the baking temperature is explained 
with test examples. 

[0095] Among the mixing ratios shown in Tables VI~XI, the 
baJcing temperature was changed from 900°C to 1700°C at intervals 
of 100°C for the case where the mixing ratio of AIF3 is 3 0% and 
mixing ratio of graphite is 50% [sic] . 

[0096] The results obtained are shown in Table XII and Fig. 3 
below. 

[0097] In Table XII, the ba]cing temperature used in 
Comparative Example B67 was a low 900oC; thus, formation of 
mullite needle-lilce crystals was not observed in the molded item. 
[0098] On the other hand, an adequate formation of mullite 
needle-liJce crystals was observed in Test Examples B61-68, and 
the crystals were relatively long. Furthermore, the porosity was 
sufficiently high and the shrinlcage factor was reasonably low. 
[0099] 

[Effect of the invention] The invention of the present 

application is a mullite needle-liJce crystals with a rectangular 
cross-section, and the second invention is a mullite needle-lilce 
crystals with a square-shaped cross-section; thus, when the 
above-mentioned materials are added to a base material as a 
reinforcement material and/or for the purpose of increasing the 
abrasion resistance, a qualitative and/or quantitative effect can 
be achieved since the length of the periphery in relation to the 
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cross-section area of the fiber is high in comparison to the case 
where mullite needle-like crystals having the circular cross 
section of prior art are used. 

[Brief description of figures] 

[Fig. 1] A drawing from an electron microscope photograph of the 
mullite needle-like crystals of the present invention. 

[Fig. 2] An electron microscope photograph of the crystalline 
structure of the mullite needle-like crystals of the present 
invention . 

[Fig. 3] A graph that shows the relationship between the baking 
temperature and bulk specific gravity in test example B. 

[Explanation of codes] 

10: mullite needle-like crystals 
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[Fig. 1] 
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[Fig. 3] 
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Key: 

open circles 
solid circles 

Left vertical axis 
Right vertical axis - 
Horizontal axis 


Bulk specific gravity 
porosity 

Bulk specific gravity 
Porosity 

Baking temperature C 
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